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157] ABSTRACT

A system for controlling a downshift in an automatic trans-
mission having a torque converter includes friction elements
for alternately producing a drive connection between com-
ponents of a planetary gear set and disengaging the connec-
tion, a valve body adapted to connect a source of high
pressure hydraulic fid to the friction elements, a solenoid
for controlling operation of the hydraulic valves, a micro-
processor having a memory containing control algorithms,
sensors producing signals representing the speed of the
transmission output shaft and turbine shaft, a sensor pro-
ducing a signal representing the position of an engine
throttle, the control algorithms controlling a downshift of the
transmissionn.

9 Claims, 3 Drawing Sheets
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GEARSHIFT CONTROLLER FOR
AUTOMATIC TRANSMISSION

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention pertains to the field of automatic transmis-
sion controis.

2. Description of the Prior Art

Automatic transmissions for motor vehicles generally
include multiple planetary gear sets, each including a sun
gear, a ring gear surrounding the sun gear, and a set of planet
pinions in continual meshing engagement with the ring gear
and sun gear and supported for rotation on a carrier. Gear
ratio changes are made by disengaging a drive connection
among the elements of the gear sets that produce a first speed
ratio and connecting other components of the gear sets that
produce another gear ratio. Hydraulically actuated friction
clutches and brakes are employed to releasably connect the
drive connections among the components of the gear sets.
The friction elements are engaged by supplying pressurized
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hydraulic fluid to the friction element; the drive connections

are disengaged by either venting the f{riction elements or
reducing the pressure in the friction element to such a low
magnitude that the friction element has no capacity to
transmit torque from its input to its output.

One-way clutches have been used in automatic transmis-
sions in order to avoid the complexity during a gear ratio
change of disengaging one friction element and concurrently
engaging another friction element. Depending on whether
the gear ratio change is an upshift or downshift, the one-way
clutch holds then releases or overruns during the period
when the oncoming friction element is being pressurized and
engaged to complete the new driving connection among the
components of the gear sets that produce the new gear ratio.

It the one-way clutch can be eliminated from an automatic
transmission, 1ts cost and weight and size can be reduced.
However, removing one-way clutches has the potential to

degrade the quality of the gear ratio changes, especially
during coast-down gearshifts.

If a standard coast-down shift from the third to first speed
ratio 18 attempted during a synchronous gearshift, i.e., one in
which the offgoing friction element and oncoming friction
element are engaged and released concurrently, a large
output shaft torque disturbance results as the drive wheels of

the vehicle are connected to the engine if a one-way clutch
1s not employed.

SUMMARY OF THE INVENTION

To prevent a torque disturbance of this kind, a controller
has been configured and implemented to control gear ratio
changes. The control strategy determines the transmission
turbine speed at the start of a commanded gearshift, e.g., a
three-one coast-down shift. The turbine speed is held con-
stant as the shift 1s executed. In order to hold turbine speed
at the commanded speed as the transmission output speed
decreases during the shift, the speed ratio of the transmission
1s changed automatically over a longer period of time than
normally required. If hard braking is incurred, the transmis-

sion speed ratio changes faster as the output speed decreases
more rapidly.

An object of the present invention is to provide an active
control technique resulting in shift quality approaching that
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of a nonsynchronous shift control involving use of one-way

clutches. An advantage of the present invention is that the

2

cost and weight of the automatic transmission can be
reduced substantially in comparison to those of automatic
transmissions that contain one-way clutches

In realizing these objects and advantages the method,
according to the present invention, for controlling a change
from a first gear to a second gear in an automatic transmis-
sion having an input shaft, output shaft, gearing driveably
connecting the input shaft and output shaft, an oncoming
friction element and offgoing friction element, includes the
steps of repetitively determining current input shaft speed
and output shaft speed; determining an initial speed ratio
from the input shaft to the output shaft while operating in the
first gear; repetitively determining a speed ratio from the
input shaft to the output shaft during the change in gears;
increasing speed ratio by decreasing pressure in the offgoing
friction element and increasing pressure in the oncoming
inction element; determining the magnitude of initial input
shaft speed when speed ratio has reached a predetermined
magnitude above the initial speed ratio; reducing pressure in
the offgoing friction element substantially to zero pressure;
repetitively producing a commanded speed ratio determined
from said tmtial input shaft speed and current output shaft
speed; and increasing speed ratio continually by controlling
the magnitude of pressure in the oncoming friction element
under control of a closed-loop controller until speed ratio
reaches a target speed ratio.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 11s a schematic diagram of a powertrain to which the
control of the present invention can be applied.

FIG. 2 is a graph representing friction element pressures
and speed ratio during a gearshift controller according to the
present invention.

FIG. 3 1s a schematic diagram illustrating a feedback
controller suitable for use with this invention.

FIG. 4 is a schedule of vehicle operating conditions that
determine where upshifts and downshifts are commanded in
an electronically controlled automatic transmission.

FI1G. S 15 a diagram of logic used to control operation of
a transmission according to the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

Referring first to FIG. 1, the powertrain 10 includes an IC
engine 12 whose crankshaft 14 is driveably connected to the
1mpeller wheel 16 of a torque converter 18, having a turbine
wheel 20 adapted for hydrokinetic connection to the impel-
ler and a stator wheel 22 supported rotatably on the trans-
mission casing by a one-way clutch 24. The turbine shaft 26
1§ driveably connected to the input shaft of a transmission
30, which includes hydraulically actuated friction clutches
and/or brakes 32, 33, whose engagement and disengagement
alter the speed ratio produced by a gear set 34. The trans-

mission has an output shaft 36 driveably connected to the
drive wheels of the vehicle.

A shift control unit in the form of an electronic micro-
processor or microcontroller 38 has input ports connected to
various shaft speed sensors, including engine speed sensor
40, which produces a signal representing the speed NE of the
engine; sensor 42, which produces a signal representing the
speed of the turbine shaft NT; and sensor 44, which produces
a signal representing the output shaft speed NO. A signal
representing the position of a throttle pedal or throttle
position TP, which controls engine manifold conditions, is
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carried on line 46 to the microprocessor 38. Output shaft
speed NO is proportional to vehicle speed.

Output signals produced by the shift control unit 38 are
carried to variable force solenoids or pulse width modulated
solenoids 50, 51. Valve body 52 contains shift control valves
that open and close communication between a fluid pressure
source and the friction elements in response to the signals
applied to the solenoids. As the valves open and close,
hydraulic lines 54, 55 are supplied with pressurized fluid or
vented, thereby engaging and disengaging the oncoming and
offgoing friction elements 32, 33, whose operating states
determine the speed ratio produced by the gear set 34.

Generally, an automatic transmission produces a gear
ratio change by venting hydraulic pressure supplied to an
offgoing friction element and pressurizing the oncoming
friction element. The torque capacity of the offgoing friction
element 1s reduced during this process and the torque
capacity of the oncoming friction element is increased

during the shift, as explained below with reference to FIG.
2

U.S. Pat. No. 4,938,097, owned by the assignee of the
present invention, describes an automatic transmission, fric-
tion clutches, brakes, gear set and one-way clutch operative
during coast braking conditions. The transmission described
in that patent is an example of the transmission 30.

FIG. 4 shows gear ratio boundaries defined in terms of
vehicle speed VS, engine speed NE, and throttle position TP
REL. FIG. 4 shows where the gear ratio changes, both
upshifts and downshifts, are scheduled to occur automati-

cally among the forward gear ratios produced by the trans-
mission. The data of FIG. 4 are stored in read-only-memory
ROM 1n the form of a look-up table. The lines marked 1-2,
2-3, 3-4 define where upshifts occur, and lines 2-1, 3-2, 4-3
define where downshifts occur. At the right-hand end of the
throttle position range, upshifts occur when engine speed
has the values NEX-X, where X-X represents the gear ratio
change.

A signal indicating each commanded gear ratio is pro-
duced, according to the schedule of FIG. 4, by the shift
control unit 38 using throttle position TP, vehicle speed VS,
and engine speed as input. If the operating condition repre-
sented by vehicle speed and throttle position or by engine
speed and throttle position crosses an upshift or downshift
line, and the new speed ratio requires a change in the state
of friction elements 32, 33, the output signals to solenoids
30, 51 cause a change in the state of solenoids 50, 51 and a
change in the gear ratio to the commanded gear ratio.

As NO, NE, and TP REL change during vehicle operation
1n a particular gear ratio such that a line of FIG. 4 is crossed
during execution of engine and transmission control algo-
rithms from an operating condition defined by these vari-
ables during a previous execution of control algorithms,
need for a gear ratio change is indicated following a com-
parison of the desired gear ratio from FIG. 4 and the current
gear ratio. For example, if the current operating condition
passes from above the 4-3 line to below that line, a gear shift
from fourth gear to third gear is commanded because of the
inequality between the fourth gear ratio and the desired gear
ratio from the schedule, provided other criteria considered
by the control so permit. Similarly, upshifts may be com-
manded when the current operating condition passes through
an upshift line, a solid line of FIG. 4. When the operating
condition during execution of the control algorithms is
located in the zone between adjacent upshift and downshift
lines, no gear ratio change is commanded.

Referring now to FIG. 2, before a downshift occurs from
third speed ratio to first speed ratio, controlled according to
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4

the present invention, the offgoing friction element is sup-
plied with high pressure PRES1, and the oncoming friction
element is vented or is at low pressure PRES2. After the shift
control unit 38 issues a signal representing a new com-
manded speed ratio, the solenoid that controls the offgoing

friction element cause a pressure reduction to pressure 56, a
magnitude sufficient to barely hold the transmission in the
third speed ratio, and the oncoming friction element pressure
1s increased slightly to magnitude 58, thereby stroking the
oncoming friction element to take up clearances and to
maintain 1its torque capacity slightly below the pressure that
would cause the oncoming friction element to transmit any
torque.

After these actions are taken, PRES2 is increased linearly
on a ramp 60, thereby increasing the torque capacity of the
oncoming friction element, while holding PRES1 at the
magnitude 56. These action cause SPEED RATIO, i.e.,
NT/NO, to rise slightly to a magnitude NT INIT 62. The
value NT INIT is recorded and stored in an electronic
memory accessible to the microprocessor.

After SPEED RATIO rises to NT INIT 62, the control
enters a third phase, during which a feedback control,
described below with reference to FIG. 3, causes SPEED
RATIO to nise to the TARGET RATIO 66 in response to a
signal SR CMD, the commanded speed ratio signal. To
accomplish this result, PRES1 is reduced abruptly to mag-
nitude 70, where the torque capacity of the offgoing friction
element is substantially zero, PRES2 varies until the SPEED
RATIO rises to TARGET RATIO 66, at which point PRES2
reaches the magnitude 72.

Under conventional control, SR CMD rises rapidly and
hinearly with time in order to complete the gear ratio change
within a predetermined time, approximately 0.5 seconds.
Here, preferably SR CMD extends the gear ratio change so
that engine acceleration is not felt or perceived by the
vehicle operator. During the third control phase, vehicle
speed NO approaches zero, soc SR CMD rises in proportion
to engine braking. By holding turbine speed NT constant
during this phase, engine braking is held to a minimum, i.e.,
the negative torque of the engine is a minimum as it would

be during the operation of a one-way clutch, such as
described in the above referenced U.S. Pat. No. 4,938,097.

After TARGET RATIO is reached, PRES2 increases
hnearly to a magnitude 74 while TARGET RATIO is main-
tained constant. Thereafter, PRES2 is increased abruptly to
magnitude 76 so that the oncoming friction element has
sufficient torque capacity required for first gear ratio opera-
tion, i.e., the torque capacity when relatively high line
pressure 1S supplied to the oncoming friction element.

Data samples are recorded at 16 msec. intervals during a
mid-ground or repeater loop, during which the control
algorithms are executed. The microprocessor is equipped
with a timer, a counter whose output is represented by
COUNT, a memory containing various calibration constants
and algorithms, and flags representing the phase of the
control represented in FIG. 2.

Turning now to the diagram of FIG. §, which represents
the logic that controls the third, phase of the engagement of
the oncoming friction element and disengagement of the
offgoing friction element, after NT INIT is stored in
memory, the offgoing friction element pressure PRES]1 is
reduced 80, either by venting that friction element or reduc-
ing its pressure to slightly below the pressure at which the
friction element carries torque, i.e., the stroke position at
which the friction element is filled with hydraulic fluid and
ready (o transmit torque between its input and output mem-
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bers. At 82 the commanded speed ratio is determined from
NT INIT/NO ACT, the ratio of the turbine speed at point 62
to the current output shaft speed. Next, at 84, a speed ratio
error SR ERR is determined as the difference between the

commanded speed ratio and the current speed ratio.

~ Block 86 represents the method for determining the

pressure oif the ongoing friction element controlled through
operation of a downshift controller, such as that described
next with reference to FiG. 3. The commanded speed ratio
SR CMD, calculated as described above with reference to
block 82, is carried on line 68 to summing junction 90,
where it 1s combined with the actual speed ratio, carried on
line 64 from divider 94, to produce speed ratio error SR
ERR. At divider 94, turbine speed NT is divided repeatedly
by the actual output shaft speed NO.

The speed ratio error is carried to a PID controller 96,
whose output on line 98 is operated on by gain 100. An
incremental solenoid duty cycle is carried on line 102 to
summing junction 104. The duty cycle is the signal applied
to the solenoid that controls operation of the ongoing clutch
32. The most recent duty cycle applied to the relevant
solenoid 1s carried on line 106 to summing junction 104
where the duty cycles are added. The output of junction 104
1s carried on line 103 to solenoid 50. Transmission 30
contains a valve body 52 having shift control valves that
open and close a source of regulated hydraulic pressure to
the oncoming clutch 32 in response to the duty cycle applied
to the solenoid through operation of the feedback control of
FIG. 3. The actual speed ratio 64 is summed with the
commanded speed ratio 68. Closed loop control, as in block
86, 1s maintained throughout phase 3 (FIG. 2) from NT INIT
62 to TARGET RATIO 66.

Returning now to FIG. §, an inquiry is made at 110 to
determine whether the actual speed ratio is within a refer-
ence range, 1.e., TARGET RATIO minus a calibration con-
stant DELSR2. It the actual speed ratio is not within the
reference range, a counter is initialized at 112. If, however,
the actual speed ratio ts within the range, indicating that the
actual speed ratio is below but approaching and near to the
target speed ratio, the current value COUNT is incremented
at 114. When the count of consecutive samples with the
speed ratio near the target speed ratio and within the
reference range reaches a predetermined value NSR2, the
comparison at 116 becomes true, TIMER is initialized at
118, and conirol passes to 120 for a fourth phase of control
discussed above with reference to FIG. 2. During the fourth
phase of control, the speed ratio change is terminated
normally so that PRES2 ramps up from 72 to 74 without
regard to the operating state of the transmission or vehicle
and under control of an open loop ramp control.

I, however, the comparison at 116 is false, an inquiry is
made at 122 to determine whether the current gearshift is a
power-on gearshift, by testing whether the state of the
throttle pedal is relaxed. If the gear ratio change is under
power-on conditions, control passes to 124 where the shift is
completed during a fifth phase of control. If the inquiry at
122 is false, an inquiry is made at 126 to determine, with
reference to the magnitude of the output shaft speed NO,
whether the vehicle is stopped. If the vehicle is stopped,
controi passes to 124; if the vehicle is not stopped the

algorithm 18 executed again to acquire updated sample data
every 16 msec.

Phase five, an alternate method for ending the gearshift,
terminates the gear ratio change independently of the speed
ratio, and 1t can accommodate a power-on condition. If the
vehicle is stopped, torque converter torque is used to relate
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6

pressure PRES2 to the magnitude of oncoming friction
element torque.

Although the form of the invention shown and described
here constitutes the preferred embodiment of the invention,
it 1s not intended to illustrate all possible forms of the
invention. Words used here are words of description rather
than of limitation. Various changes in the form of the

invention may be made without departing from the spirit and
scope of the invention as disclosed.

We claim:

1. A method for controlling a change from a first gear to
a second gear 1n an automatic transmission having an input
shaft, output shaft, gearing driveably connecting the input
shaft and output shaft, an oncoming friction element and
ofigoing iriction element, comprising the steps of:

repetitively determining current input shaft speed and
output shaft speed;

determining an initial speed ratio from the input shaft to
the output shaft while operating in the first gear;

repetitively determining a speed ratio from the input shaft
to the output shaft during the change in gears;

increasing speed ratio by decreasing pressure in the
otfgoing friction element and increasing pressure in the
oncoming friction element;

determining the magnitude of initial input shaft speed
when speed ratio has reached a predetermined magni-
tude above the initial speed ratio;

reducing pressure in the offgoing friction eler
stantially to zero pressure;

repetitively producing a commanded speed ratio deter-
mined from said initial input shaft speed and current
output shaft speed; and

increasing speed ratio continually by controlling the mag-
nitude of pressure in the oncoming friction element
under control of a closed-loop controller until speed
rat10 reaches a target speed ratio.

2. The method of claim 1 wherein the step of increasing

speed ratio by decreasing pressure in the offgoing friction
element further comprises:

decreasing offgoing friction element pressure to a mag-
- mitude slightly above the pressure required to operate
the transmission in the first gear;

increasing pressure in the oncoming friction element to a
magnitude slightly below that required to transmit
torque through the oncoming friction element; and

increasing oncoming friction element pressure substan-

tially linearly so that speed ratio increases.

3. The method of claim 1 further comprising increasing
pressure in the oncoming friction element to a magnitude
suficient to fully engage said friction element.

4. The method of claim 3, further comprising changing the
magmtude of the signal supplied to the solenoid after the
actual speed ratto reaches the target speed ratio such that the
oncoming friction element is full engaged.

5. The method of claim 1 for use in a transmission that is
includes a solenoid-operated shift valve through which the
oncoming friction element is engaged and disengaged in
response to a signal applied to the solenoid, wherein the step
of increasing speed ratio by controlling the magnitude of
pressure in the oncoming {riction element further comprises:

controlling the magnitude of the signal supplied to the

solenoid on the basis of a speed ratio error representing,

a difference between commanded speed ratio and speed
ratio.

6. The method of claim 1 for use in a transmission that

includes a solenoid-operated shift valve through which the

ent sub-
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oncoming friction element is engaged and disengaged in
response to a signal applied to the solenoid, wherein the step
of increasing speed ratio by controlling the magnitude of
pressure in the oncoming friction element further comprises:

repetitively comparing actual speed ratio and commanded
speed ratio and producing a speed ratio error from said
comparison;

producing from the speed ratio error a commanded signal
magnitude to be applied to said solenoid;

repetitively comparing the commanded signal magnitude
and current signal magnitude and producing a signal
magnitude error from said comparison;

producing a signal magnitude error representing the dif-
ference between and the commanded duty cycle; and

applying the signal magnitude error to the solenoid.

7. A method for controlling, with the aid of an electronic
computer, a change from a first gear to a second gear in an
automatic transmission having an input shaft, output shaft,
gearing driveably connecting the input shaft and output
shaft, an oncoming Iriction element and offgoing friction
element, and a solenoid-operated shift valve for controlling
engagement and disengagement of the oncoming friction
element responsive to the magnitude of a signal applied to
the solenoid, comprising the steps of:

repetitively determining current input shaft speed and
output shaft speed;

determining an initial speed ratio from the input shaft to
the output shaft while operating in the first gear;

repetitively determining a speed ratio from the input shaft
to the output shaft during the change in gears;

Increasing speed ratio by decreasing pressure in the
offgoing friction element and increasing pressure in the
oncoming friction element;

determining and storing in electronic memory accessible
to the computer the magnitude of initial input shaft
speed when speed ratio has reached a predetermined
magnitude above the initial speed ratio;

providing the computer with a data base including a target
speed ratio and a closed-loop controller adapted to
increase speed ratio continually.

8. The method of claim 7 wherein the step of increasing
speed ratio continually by applying to the solenoid the signal
produced by the closed-loop controller until speed ratio
reaches said target speed ratio, further comprises:
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repetitively comparing actual speed ratio and commanded
speed ratio and producing a speed ratio error from said
comparison;

producing from the speed ratio error a commanded signal
magnitude to be applied to said solenoid;

repetitively comparing the commanded signal magnitude
and current signal magnitude and producing a signal
magnitude error from said comparison;

producing a signal magnitude error representing the dif-
ference between and the commanded duty cycle;

applying the signal magnitude error to the solenoid.
9. A system for controlling a change from a first gear to
a second gear 1n an automatic transmission, comprising:

an input shaft and output shaft;

first and second speed sensors for sensing and producing
an output representing the rotational speed of the input
shaft and output shaft, respectively;

multiple speed gearing driveably connecting the input
shaft and output shaft;

an oncoming friction element and offgoing friction ele-
ment;

a memory containing a shift control schedule; and

means for:

repetitively determining current input shaft speed and
output shaft speed;

determining an initial speed ratio from the input shaft
to the output shaft while operating in the first gear;

- repetitively determining a speed ratio from the input

shaft to the output shaft during the change in gears;

increasing speed ratio by decreasing pressure in the
offgoing friction element and increasing pressure in
the oncoming friction element;

determining the magnitude of initial input shaft speed
when speed ratio has reached a predetermined mag-
nitude above the initial speed ratio;

reducing pressure in the offgoing friction element sub-
stantially to zero pressure;

repetitively producing a commanded speed ratio deter-
mined from said initial input shaft speed and current
output shaft speed; and

increasing speed ratio continually by controlling the
magnitude of pressure in the oncoming friction ele-
ment under control of a closed-loop controller until
speed ratio reaches a target speed ratio.
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